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Laser-induced fluorescence ltie narrowing has recentlybeen used to

investigate the local environment and interactions of paramagnetic.ions in

gl=s . Since the resulting spectra are sensitive to structural modificatioti,.“

this technique has been applied to sin@e alkali borate ”glasses-.[l,2]~ere”~. .

the relativenhrs of netiork-fo-g ~3 ti~angles and @4 tet?fi~ra [3] ~~

the existence of subliquid~ imniscibili~[4, S] are dependeni won ke mle”~-’ . - “.....

fraction of alkali oxide.

Paramagneticionsgenerallyentera glass

modifyingcations,not as substitutionalions.*

bondingto nearneighbors the localfieldsat

resultingin largeinhomogeneousIinewid& in

.,

. .

U interstitialnetwork-. ‘, --

Becauseof differences tide ““

individual ion sites vary,’ “.

absorption and emission. “

In thepast,analysisof structurearisingfromchmges in borateglass

compositionivashamperedby the simultaneowobservationof many sites.

Thisdifficultycan be overcomeby theuse of a narrowbandlasersource[6).

In our studiestrivalenteuropiumis used as theprobeionbecauseit has

a relativelysimpleenergylevelscheme.

Previousinvestigations(l,2)of lithiumborateglassesrevealedlarge

differencesin the FLN spectraof Eu3+ for samplescontaining10 and40

mole percentof Li20. Whereasthe spectrafromthe two samplesweiesimilar

for laserexcitationon the low energysideof an inhomogeneowly,broadened

band,at high excitationenergiesadditionallinesappearedin the spectra
.

.fromthe 10 ~le % Li20gl~s c Amongthepossiblecausesof thisbeha~our

. is phaseseparationinto,say, a lithia-richand a borate-richphasei.To

examinethepossibilityfurther,we have investigatedglasseswith smaller

Li20 contents approaching the case of simple B203.

Details of the glass preparation procedure and of the experbntal

techniquesused are outlinedin Ref.1. In the caseof glasspreparation,

.
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attempts to make clear Eu203-doped B203 glasses failed; glasses witi”concentra-

tionsas low as 0.01 mol.% EU203and 99.99mol.%B203tthoughclearat elevated

temperat&esin themelt,wouldchangecoloron coolingindicatinga“type of

phaseseparation.Li20was addeduntila clearglasswas formedwith O.1

ml. % ~03 and the remainderB203.“The lowestconcentrationof Li20

thatwo&d forma Aea; glasson coolingwas 3 mol.%.

The laser-inducedFIN spectrafromthe

and 7F2manifoldsare sham in Fig.1 for 3

The laserexcitationenergy(cm-l)is given

(thespectraarenot normalizedto constant

%
3+

o stateof Eu to the 7F1

and 40 mol.% Li20boratesamples.

at the leftof eachspectrum

excitationenergy).The

fluorescencespectrain Fig.1 showsomelinenarrowing,but thewidthsare

stillgreaterthaneitherthehomogeneousor instrumentationwidthsbecause

the spectrawere recordedwithnonresonantexcitation.

The changein linepositionsin theFLN spectrawith excitationenergy

arise fromdifferencesin the localfields.“As firstreportedby Motegi

and Shionoya,
7 the variationh c~stal-fieldsplittingexhibitsa monotonic

changewith 7F0-‘D. excitationenergy. The low-energyexcitationportions -

of the RN spectrafor the two samplesareverysimilarsuggestingthat

theyarisefromEu
3+

ionshavingequalcoordinationandbonding. Thehigh-

energyexcitationportions,however,areverydifferent.In

extralinesappearin the 3% Li20samplewhichare identical

1

previouslyin a 10% Li20 sampleland hichare attributedto.

siteshavinga differentlocalenviro nt. Theselinesare

and 7 in Fig.1.

The fieldsat EU3+ sitesare expectedto changeas Li20

addition, ‘

to thoseobsemed

E~+ ionsin

labeled3, 4

contentis
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becauseboronwith &ree coordinatingoxygensis replacedby boron

coordinatingo~gens andby Li+networkmodifyingcati-. An

increasein the Eu-Ocovalen~ reducesthe Racahparameterswhich, in turn,

b 7F energyseparation. .lowers the - A similar effect has been obsened

forNd3+ in x Li20 (1-x)B203glasses(8)where
.

the41-4Fseparationdecreases

This is alreadyapparent

+ 4111,2fluorescenceband

with increasingLir20contentforO < x: 0“45”

fromthe shiftof the peakat the strong4F3/2
3+ tie low energy

at 300 K. l’herefore,tithe caseof Eu sideof the inhomogeneous

7FO-5D0transition~omesponds to siteswithstrongerEu-Ointeractionand

covalency.Conversely,onewouldexpectthatthehigh-excitation-energy

spectrashouldarisefromsiteswhereB03 trianglesareprevalent.At 40%

Li20concentration,wherethemaxtimntier of B03 trianglesare converted
3+

intoB04 tetrahedral,onewouldexpectto seeevidenceof Eu in sitesof

both coordination. The spectra,however,varymonotonicallywithpump

energyand do not exhibitany dramaticchangeat highpumpenergies.In

addition,the lifetimesof all of the luminescencelinesat anyonepump

wavelengthare identicalin thissampleindicatingthatone typeof coordina-

predom.inant.In the 3 and 10% samples,the

pumpenergieshave lifetimesdifferentfrom

two typesof sitesarebeingsimultaneowly

additionallinesappearing

thoseof theregularlines

purped.

tion is

at high

so that

Metastablehmiscibilityon a scaleof 5-500nm is knowntc occurh the

lithiumboratesystem.
4,s Lithium-richandBaOZ-richphasesare expected

to be presenth the 10% Li20sample

curveoccursat thisconcentration.

bothphases,the excitationenergies

LJ

sincethemaximumof the coexistence

If impuritiessuchas Eu
3+

enterone or

may be sufficientlydifferentto permit
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relative probing of local structure

are present in the 10% Li20sample,

one phase is similarto that of the

5,
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in the individualphases. If twophases

the low-energyFIN spectrasuggestthat

40%Li20

nephelauxeticeffect,sucha phaseis likely

wherethe concentrationof ~4 tetrehdramaY

40% sample. Purtliarsupportforthistheory

saniple.On thebasisof the

to

be

is

Li.O concentration.The 3% Li90samplebehaves

be theLi20-richphase,

of the sameorderas in the

foundin samplesof lower

identicallyto the 10%

sample but it is noteworthythatfor a Li20concentrationof 3% themaximum

Eu dopingpossible‘& onlyO.2%. Consequently,at suchconcentrationsthe

relativenumbersof Eu ionsand Li ions

of the 10% sample.

Europiumionscannotbe introduced

presentare roughlysimilarto those

fit.s~le B203 glass in the absence

of Li20.

bridging

(because

The netwoikof (~3)3 tits in glassyB203is tight~Y~nded by

oxygens. TrivalentEu ionscannotenterthisnetworksubstitutionally

of size),nor, apparently,as a networkmodifier. If,however,a

networkmdifier suchas Li+ is present,it dismpts thenetworkandnon-

bridgtigoxygensoccur. In the vicinityof the looserstmcture,Eu
3+

may be incorporatedas modifierions.

Mditional spectrallinescouldalsoarisefromclusteringof Eu
3+

3+
ionson a Eu richphase. If ion-ioninteractionsare strong,theycan

3+
alterthe energylevelsfromthosefor isolatedEu ions.



. .
,. . .. . ,.

...
.

.Refere~ces .
.,

. .

1. M. J. Weber,J. Hegarty,D. H.”Blackbumin”B6ra”inGlass”ad

GlassCeramics(PlenumPress,NewYork1978),in press.
.“

2. J. Hegarty,W. M. yen~dM* JO Webersphys”‘v- B ~1978)‘press”.<

3. ‘W. L. Konijnendik,PhilipsRes.Repts.SUP@. No. 1 (1975).

4. E. M. kvin, phys.Chem.Glasses~, 90 (1966).

5. R. R.”ShawandD. R. ~, J. Amer.Ceram.Sot.~, 377 (1968).

6. L. A.”Riseberg,Phys.ReV. Lett. 28_,789 (1972);PhyS. WV. A7, 671

(1973).

7. N. Motegiand S.$hionoya,J. Luminescence8_,1 (1973].

8. M. J. Weber,unpublished.



.
●✎

●
✎

.

Fig.

.—. . ..’__

. .

1. Comparison

..
.

Wwre @ti&s “.

3*
of the ‘D. -’‘Fl,7F2 fluorescencespectraof Eu in ~

3 Li20 ● 97 B203and 40 Li20 ● 60 B203glassesat 1.7K ~ ,a

of”‘F0..:>0 =ci=ti~ frwmq (an-l),...._ ..
.— .—. -. ____ _

----- . .._. . . . .

function .

. . ... . .. . . _.. ---- ——.. —-. .
- ‘.—— —-— .— — -------- —..——— .- —--

--— __— --- ----—.. — ------- --——— —--- .. —.. —

.

.



..*.
●
✎

✎ ✎

✎ ✎

. .

.

.60 Be O~*40 Li20
.

. “A “

;73646

. .,.
●

.

\ “ ““
. .

.

97 B20~*3Liz0

,.

s

17334 k

17303 h

n

17240

17220

17200 16800

.e
i

& ..

u“

.

16400 16000

EXCITATION

I“&

I I I , ! 1

I 7200 1680~ 16400 16000
,::

WAVENUMBER;. cm-’

. .

.

.

.


